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I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) of 
the Deregulation and Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein together with the 
Statement of inventorship and of right to grant of a Patent (Form 7/77), which was also filed. 



In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named in 
this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re-registration 
save for the substitution as, or inclusion as, the last part of the name of the words "public limited 
company" or their equivalents in Welsh, references to the name of the company in this certificate 
and any accompanying documents shall be treated as references to the name with which it is so 
re-registered. 

In accordance with the rules, the words "public limited company" may be replaced by p. I.e., pic, 
P L C. or PLC. 

Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjects the company to certain additional company law rules. 
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FRICTION VIBRATION DAMPER 

The present invention relates to a friction vibration 
damper which is associated with controlling vibrations of a 
5 vibrating component and in particular, although not 
exclusively, a component of a gas turbine engine or a 
component of a machining operation. 

A combustor system of a gas turbine engine comprises 
a combustor chamber,, a transition duct and an annular 
10 distribution chamber. The transition duct transmits hot 
gases from the combustion chamber to the annular 
distribution chamber, the hot gases then proceed into a 
turbine stage thereby driving the turbine. 

In order to meet NOx (oxides of nitrogen) and CO 
15 (carbon monoxide) emission level requirements, turbulence 
of a fuel and air mixture is promoted to give acceptable 
combustion emissions. However, increasing the turbulence 
during the combustion process, to reduce emission levels, 
causes an increase of combustor noise which leads to an 
20 increase in vibratory stresses in the combustor system 
components. Combustor system components are vulnerable to 
high cyclic fatigue failure when the natural frequency of 
the component coincides or is close to coinciding with the 
acoustic frequency of the combustion process causing 
25 resonance of the component and consequently high vibratory 
amplitudes and hence high stresses in the component. 

During a machining operation, for instance milling a 
metallic component, it is common for chatter to occur if 
the tooling or workpiece is of insufficient rigidity. 
30. Chatter is the vibration of the milling tool relative to 
the workpiece which results in either a reduction in the 
quality of the surface finish being machined or an increase 
in the machining process time where a better surface finish 
is required. In the manufacture, for instance, of aero- 
35 engine blisks this is of particular importance as the tough 
nature of the material, titanium, to be machined and the 
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flexibility and low inherent damping of the workpiece 
severely curtails machining rates. 

European Patent Application EP00309427.3 discloses a 
particle vibration damper having at least one chamber 
5 filled with a high percentage volume (95%) of substantially 
spherical elements. Vibration energy is damped by contact 
friction between the elements, however, as the level of 
excitation increases the elements begin to move in a 
convection-like flow pattern. When this convection-like 
10 flow occurs the effectiveness of the damper reduces. 

It is an object of the present invention to provide a 
friction vibration damper which reduces or substantially 
prevents such a convection-like flow pattern. 

According to the present invention there is provided a 
15 friction vibration damper for damping the vibrations of a 
vibrating component comprising a body having a chamber, the 
chamber partially filled with a plurality of elements, the 
friction vibration damper, in use, disposed on or in the 
vibrating component wherein the friction vibration damper 
20 is configured to substantially prevent the elements 
operationally moving in a convection-like flow pattern. 

Preferably the plurality of elements comprise 
substantially spherical elements. Alternatively, the 

plurality of elements comprises substantially spherical 
25 elements of at least two discrete sizes. Furthermore, it 
is preferred that the elements are substantially spherical 
each with a diameter in the range 0,1 to 5,0 millimetres. 

Alternatively, the plurality of elements comprise 
elements having a high aspect ratio and comprise elongate 
30 elements. 

Alternatively the plurality of elements comprise 
elements having a low aspect ratio and comprise disc shaped 
elements . 

Preferably the body comprises a baffle, the baffle 
35 disposed within the chamber to substantially prevent the 
elements operationally moving in a convection-like flow 



pattern. Furthermore the baffle extends across the chamber 
and may comprise a mesh structure. Alternatively the 
baffle comprises a "wire wool" matrix. 

Preferably the body comprises the chamber having a 
high aspect ratio. Alternatively the body comprises the 
chamber having a low aspect ratio. 

Preferably the friction vibration damper is mounted on 
a pedestal , the pedestal attached to the vibrating 
component . 

Alternatively the body has two or more of the chambers 
and furthermore each of the chambers is partially filled 
with a plurality of elements of substantially the same 
size, each plurality of elements in each chamber being of a 
different discrete size. 

Preferably the elements are metallic, but may be 
ceramic. 

Preferably the chamber is filled with elements to 
between 90 and 100 per cent by volume and in particular may 
be filled with elements to 95 per cent by volume. 

Similarly each of the chambers is filled with elements 
to 95 per cent by volume. 

Alternatively each of the chambers is filled with 
elements to a different percentage by volume of each 
chamber . 

Preferably the body of the friction vibration damper 
is substantially cylindrical. Alternatively, the body of 
the friction vibration damper is substantially 
parallelepiped. 

Preferably the vibrating component is a component of a 
gas turbine engine. Alternatively the vibrating component 
is a workpiece and the workpiece is subject to a machining 
operation. Similarly the vibrating component may be a 
machine tool or may be a machine. 

Alternatively the friction vibration damper is 
disposed to the vibrating component by temporary means. 




4 

Preferably the component vibrates in the frequency 
range up to 10 Hertz. 

Preferably a method of damping the vibrations of a 
vibrating component comprising the steps of, locating the 
5 position of the greatest amplitude of vibration on an 
engine component and disposing a vibration damping device 
on the component at the position of the greatest amplitude 
of vibration . 

A specific embodiment of the invention will now be 
10 described by way of example with reference to the 
accompanying drawing in which 

Figure 1 is a top view of a section through a 
particle damper of the prior art EP00309427 . 3 ; 

Figure 2 is a cross section AA through a particle 
15 damper of the prior art EP00309427 . 3 ; 

Figure 3 is a graph showing the relationship between 
the vibration reduction in dB and the excitation level of 
the particle damper of the prior art EP00309427 . 3; 

Figure 4 shows direction of movement of particles 
20 when behaving in a convection-like manner; 

Figure 5 shows a part cut away of a friction damper 
of the present invention comprising elongate frictional 
elements ; 

Figure 6 shows the elongate elements rotating 
25 relative to one another; 

Figure 7 shows a part cut away of a friction damper 
of the present invention comprising a plurality of low 
aspect ratio frictional elements; 

Figure 8 shows the disc shaped elements rotating 
30 relative to one another for the embodiment of the present 
invention shown in Figure 7; 

Figure 9 is a section of a friction damper of the 
present invention comprising a plurality of relatively low 
aspect ratio frictional elements; 
35 Figure 10 is a section B-B through the friction damper 

described with reference to Figure 9; 



5 



Figure 11 is an enlarged view of a relatively low 
aspect ratio frictional element as described with reference 
to Figure 9; 

Figure 12 is a section through a friction damper of 
5 the present invention, comprising a plurality spherical 
elements and disc shaped elements; 

Figure 13 is a section through a friction damper of 
the present invention and shows the friction damper filled 
with cubic shaped elements; 
10 Figures 14 is a isometric cut-away view of the 

friction damper described with reference to Figure 13 and 
shows a further configuration of cubic elements arranged 
into discrete layers of discrete element; 

Figure 15 is section C-C through the friction damper 
15 described with reference to Figure 14; 

Figures 16 is a isometric cut-away view of the 
friction damper described with reference to Figure 13 and 
shows a further configuration of tetrahedral shaped 
elements; 

20 Figure 17 is section D-D through the friction damper 

described with reference to Figure 16; 

Figure 18 is a section through a friction damper, in 
accordance with the present invention, comprising baffles; 

Figure 19 is a section through a friction damper, in 
25 accordance with the present invention, comprising a wire- 
wool structure; 

Figure 20 is a section through a friction damper, in 
accordance with the present invention, comprising a mesh. 

With reference to figures 1 and 2 of the prior art 
30 EP00309427.3 the particle vibration damper 20 comprises a 
generally cylindrical body 22, an annular wall 24 of the 
body 22 defines a chamber 26, the chamber 26 contains a 
plurality of particles 28. The particles 28 are generally 
spherical in shape and are 0,6 millimetres in diameter. 
35 The chamber 2 6 has an approximate volume of 50000 cubic 
millimetres. The body 22 and particles 28 are manufactured 



from steel. The chamber 26 is. filled with 95% of particles 
28 by volume. One vibration damper 20 is attached to the 
outside of a wall panel 30 of a vibrating component, which 
in the specific embodiment is a transition duct of an 
industrial gas turbine engine (not shown) . 

The volume fill is defined as a percentage of the 
maximum theoretical density of particles 28 fully occupying 
a given volume. Thus a 95% volume fill represents 95% of 
the volume of particles 28 when at their maximum 
theoretical density in that given volume. In practice this 
is achieved by filling the chamber 26 with particles 28 and 
vibrating the particle vibration damper 2 0 so that the 
particles 28 achieve their maximum density. More particles 
28 are then added to the particle vibration damper 20 and 
further vibrated to compact the particles 28 to the maximum 
density. This process is continued until the chamber 26 of 
the particle damper 20 is completely full. The particles 
28 (and the particle vibration damper 20 if the weight of 
the damper 20 is known) are then weighed and 5 percent of 
the weight of the elements 28 is then removed. It should 
be noted that for any given density of particles 28 of a 
given volume, a 95% fill by volume is equivalent to a 95% 
fill by weight. 

The particle vibration damper 20 comprises a pedestal 
32 which is designed to transmit vibratory amplitudes from 
the transition duct to the body 22 of the vibration damper 
20 whilst maintaining a space between the body 22 and the 
transition duct. The cooling air flow around the combustor 
chamber 38 also acts to cool the vibration damper 20. 
Cooling of the vibration damper 20 is not essential, but is 
preferred for this specific application. The pedestal 32 
is not an essential feature of the vibration damper 20, but 
it is preferred. It is preferable to position the 

vibration damper 20 so that its polar axis 34 is orientated 
parallel to the principal vibratory displacement direction 
of a wall of the transition duct. 
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Referring to Figure 3, which is a graph showing the 
relationship between the vibration reduction in dB and the 
excitation level of the particle vibration damper 20 of the 
prior art EP00309427 . 3 . The particle vibration damper 20 
5 has a diameter D and depth, parallel to the polar axis 34, 
d thus the aspect ratio is defined as D/d. During 
experimentation for a 95% volume fill cylindrical particle 
damper 20, it was found that for aspect ratios generally 
below 5, the vibration reduction (line 40) went through a 
10 minimum 42, after which an increase in excitation led to a 
lesser vibration reduction performance. Thus there was a 
loss of damping performance after the minimum 42. For 
aspect ratios generally above 5 there was no minimum, 
however, in general the vibration reduction (line 44) was 
15 not as great. It was therefore desirable to have a 
particle damper which did not become relatively less 
effective at the higher levels of excitation and thus it 
was taught that it is preferable to have a particle damper 
having an aspect ratio greater than 5. 

20 Figure 3 also shows three regions A, B, and C which 

each have different characteristics of particle 28 
behaviour found in the prior art application EP00309427 . 3 . 
Region A comprises the particles 28 behaving analogous to a 
solid where there is relatively little inter-particle 

25 movement and therefore the greatest proportion of damping 
by the particle damper 20 is derived from its added mass. 
Region B comprises the particles 28 being sufficiently 
excited to move relative to one another and rotate about 
their . own axes. The movement of particles 28 is generally 

30 local and tends to be relatively slow although there is 
some amount of convection-like movement within the particle 
.28 mass. In region B the particles 28 migrate relatively 
slowly and this relatively slow migration does not appear 
to have a detrimental effect of the vibration reduction 

35 performance. Figure 4 shows the particles 28 the direction 
of the particles at a given point in time as they behave in 



a convection-like manner. This convection-like movement is 
defined herein as the movement in which an individual 
particle 28 may migrate from one face 36 to the other face 
38 and back to the first face 36 travelling in a general 
5 arcuate path. This convection-like* movement is analogous 
to thermal convection currents of a liquid heated by a 
point source. A substantial amount of vibration damping is 
derived from the rotational friction between particles 28. 
Region C is where the particles 28 move relatively rapidly 

10 in convection-like arcuate paths. It is believed that 
movement of this nature reduces the inter-particulate 
frictional rotations and thereby reduces the effectiveness 
of damping. In region B the slow migration of particle 28 
is at such a low speed that it does not effect the damping 

15 characteristics of the particle vibration damper 20. 
Although there are three distinct regions of behaviour 
shown it is not intended that they are discrete and in fact 
there is a steady transition of behaviours therebetween. 

The present invention relates to configurations of a 

20 frictional vibration damper which is configured to 
substantially prevent the particles or elements (as 
described herein) behaving in the convection-like manner 
described hereinbefore. In this way the minimum 42 (or 
greatest) vibration reduction may be achieved and then 

25 maintained for higher excitation levels thereafter. It is 
not necessary to completely stop the convection-like 
movement but it is desired to reduce the movement 
significantly. In so doing the desire to maintain the 
vibration reduction of the particle damper 20 at the 

30 minimum point 42 on the line 40 for excitation levels 
greater than the minimum point 42 is substantially 
satisfied. In all the embodiments of the present invention 
described below the friction vibration damper may define 
any shape of chamber which is suitable although for each 

35 embodiment the preferred shape is shown and described. It 
is also intended that -for each embodiment of the present 



invention there is a high volume fill of frictional 
elements within the chamber. This high volume fill is at 
least 90% although a 95% fill is preferred. Each 
embodiment will have an optimum volume fill content that 
may be different from any other embodiment shown and 
described herein, however, the governing factor is that the 
volume fill is chosen to maximise the frictional 
interactions of the elements within the frictional damper. 
Therefore, as disclosed herein, the design of a friction 
vibration damper may be optimised by consideration of: 
friction element percentage volume fill; percentage of 
element mass and geometry of the particle damper 20. In 
addition, the friction element size and inter-particle 
frictional characteristics and material types used for both 
the friction elements and the damper are also factors in 
the design of the optimum friction damper for each 
embodiment . 

It should also be noted that the present invention 
relates to the frictional interaction of the elements with 
one another and it is a desired intention that the 
vibration damping characteristic is not derived from the 
colliding or impacting of particles or elements. The 
present invention has a further advantage over the 
collision or impact type of particle damper in that 
longevity of the damper is significantly improved. 

Figure 5 shows a part cut away of a friction damper 51 
of the present invention comprising elongate frictional 
elements 52. The elongate frictional elements 52 are 
generally aligned in the direction of a main axis 54 of the 
friction damper 51. It is desirable for the principal 
amplitude of the vibrating host component (not shown) to be 
normal to the main axis 54 of the friction damper 51. In 
this way the elongate elements 52 are excited and rotate 
relative to one another, indicated by the arrows as shown 
in Figure 6, thereby damping the vibrations as hereinbefore 
described. The elongate members 52 have a relatively high 
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aspect ratio and prevent migration parallel to the main 
axis 54 . The elongate elements 52 remain relatively free 
to migrate in a general circumferential manner although 
overall the elongate shape of the elements 52 is not 
5 conducive to circumferential movement and thus the elements 
52 are substantially prevented from behaving in a three- 
dimensional convection-like manner. It is preferable for 
the elongate elements 52 to extend substantially the length 
of the chamber 48. It should also be appreciated that 

10 several chambers 48 may be defined within damper 51 and 
each chamber 4 8 may comprise elongate elements 52 of 
different lengths and different diameters. Although it is 
preferred that the elongate elements 52 are cylindrical in 
shape it is not essential and other shapes are usable such 

15 as elongate cones, or elongate members having elliptical 
cross section. 

Figure 7 shows a part cut away of a friction damper 53 
of the present invention comprising a plurality of low 
aspect ratio frictional elements 56. The friction damper 

20 53, having a main axis 58, is generally cylindrical and 
defines a chamber 48, which contains low aspect ratio disc 
shaped friction elements 56 having a slightly smaller 
diameter than the chamber 48. It is desirable for the 
principal amplitude of the vibrating host component (not 

25 shown) to be normal to the main axis 58 of the friction 
damper 53. The friction damper 53 will also provide 
damping when the main axis 58 is aligned generally parallel 
to the principal amplitude of the vibrating host component. 
In this configuration of the present invention the disc 

30 shaped elements 52 rotate relative to one. another, as shown 
in more detail in Figure 8, thereby damping vibrations by 
the frictional interaction of the elements 56 as 
hereinbefore described. The disc elements 56 each have a 
low aspect ratio and substantially occupy the diameter of 

35 the chamber, thus completely prevent migration of elements 
within the chamber 48. For this embodiment of the present 



invention it is important that the correct percentage fill 
is used. It is believed that a high percentage by volume, 
as described hereinbefore, of above 90% is necessary for 
this embodiment to operate successfully. The percentage 
fill has" been defined as the percentage of the maximum 
number of element that the chamber can accommodate, 
however, the present invention must also comprise 
sufficient space both in the normal and parallel 
directions, to the main axis 58, for the disc elements 56 
to be able to rotate relative to one another and yet be 
close enough to interact in frictional contact to provide 
damping. Thus a percentage fill in this embodiment relates 
to the number of disc shaped elements 56 which and not the 
actual spatial volume remaining in the chamber 48. 

Figure 9 is a section of a friction damper 55 of the 
present invention comprising a plurality of relatively low 
aspect ratio frictional elements 60. The friction damper 
53, having a main axis 62, is generally cylindrical and 
defines the chamber 65, which contains low aspect ratio 
disc shaped friction -elements 60. The elements 60 are 
substantially smaller than the disc elements 56 of the 
previous embodiment. As shown in Figure 11 the elements 60 
are essentially short solid cylinders having flat ends 63, 
however, disc elements 60 having convex ends 63 are equally 
suitable. Similarly, although it is preferable to have a 
generally circular cross-section elements 60 having a 
polygonal circumference may also be used to similar effect. 

Referring again to Figure 9, it is desirable for the 
principal amplitude of the vibrating host component (not 
shown) to be parallel to the main axis 62 of the friction 
damper 55. The friction damper 55 also provides good 
damping characteristics when the main axis 62 is aligned 
generally normal to the principal amplitude of the 
vibrating host component. When excited by vibrations the 
disc elements 60 vibrate and rotate relative to one another 
thereby damping the vibrations of host component by 
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frictional interaction of the elements 60 as hereinbefore 
described. With a high density fill (approximately 95% by 
volume) and the low aspect ratio of the disc elements 60 it 
is more difficult (than for spherical elements) for each 
element 60 to undertake the convection-like path, as shown 
in Figure 4. The shape of each element 60 is such that the 
discs generally remain in the orientation shown in Figure 9 
and Figure 10, which is section B-B on Figure 9, occupying 
their lowest potential energy positions. Although not all 
migratory movements is prevented the migration of elements 
60 within the chamber 65 in a convection-like manner is 
substantially curtailed. In this way the friction element 
60 vibration damping reduction is maintained at its 
preferred minimum (reference numeral 42 on Figure 3) for 
excitation levels beyond the point where the minimum on the 
vibration reduction versus excitation level graph is first 
reached. 

Figure 12. is a section through a friction damper 57 
of the present invention, and shows the friction damper 57 
comprising a chamber 67 substantially filled with a 
plurality substantially spherical elements 28 and 
substantially disc shaped elements 60. This embodiment is 
essentially similar in configuration to the prior art 
vibration damper 20 (Figures 1 and 2) except for the 
addition of the disc shaped elements 60. The elements 60 
are disposed throughout the chamber 67 and provide a 
partial barrier to prevent free convection-like movement of 
the substantially spherical elements 28. Some convection- 
like movement is preferable otherwise the disc shaped 
elements 60 and substantially spherical elements 28 have a 
tendency to separate into generally discrete groups within 
the chamber 67. It is intended therefore that the 

introduction of the disc shaped elements 60 reduces the 
substantially spherical elements 28 behaving in a 
convection-like manner. It should be appreciated that the 
disc shaped elements 60 also frictionally interact with one 
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another and the elements 28 to provide vibration damping to 
the vibrating host component. 

The size and shape of the disc elements 60 is 
currently undetermined, however, for the disc shaped 
elements 60 to reduce the amount of convection-like 
migration of elements 28 it is estimated that the disc 
shaped elements 60 should have a preferred diameter greater 
than that of the spherical elements 28 and may have a 
diameter substantially similar to that of the chamber 67. 

Alternatively to the embodiment described herein the 
friction damper 57 will operate in similar manner to that 
described above where the friction damper 57 is any 
polyhedral shape and the elements 60 are any relatively low 
aspect ratio polyhedral shape. 

Figure 13 is a section through a friction damper 59 
of the present invention, and shows the friction damper 59 
comprising a chamber 69 substantially filled with cubic 
elements 64, which are of a preferred shape, and arranged 
in a generally regular arrangement. The chamber 69 

preferably comprises approximately a 95% fill by volume of 
cubic elements 64 although a fill over 90% is suitable. In 
this embodiment it the preferred percentage fill is 
literally the volume occupied by the cubic elements 64 as a 
percentage of the volume of the chamber 69. Thus the size 
of the elements 64 and the chamber 69 require specifically 
designing. When excited by the vibrations of the host 
component, each element 64 is energised by the vibrations 
and is therefore able to interact in frictional contact 
with its surrounding element 64 or wall of the frictional 
damper 59 thereby converting the vibrational energy of the 
host to heat and sound energy via. Although this 

embodiment of the present invention operates in broadly 
similar fashion to the aforementioned prior art particle 
damper 20 it does differ in that the elements 64 do not 
rotate, but instead it is the surfaces of the elements 64 
sliding over one another that provides the mechanism for 
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damping the vibrations of the host component. Indeed due 
to the inherent shape of the cubic elements 64 of this 
embodiment that there is no rotation and similarly the 
configuration prevents the elements 64 from undergoing any 
5 convection-like behaviour. Thus this damper 59 is able to 
maintain its greatest vibration reduction for excitation 
levels greater than that where the minimum point (42) is 
first achieved . 

Although Figure 13 shows and is described as having 

10 cubic elements 64 of one size, Figure 14 shows a further 
embodiment of a configuration comprising a number of 
different sizes of cubic friction elements 64, 66. It is 
an advantage of this particular embodiment that the sizes 
of the elements and therefore their masses are different. 

15 In having elements 64, 66 of differing masses each discrete 
size will vibrate at different frequencies and thus the 
frictional interactions of the elements are enhanced as 
elements. 64 of the same size do not "stick together". 
"Sticking together" can occur when the elements vibrate at 

20 the same amplitude and frequency and thus effectively act 
as one mass. As the friction elements operate on the 
principle of their surfaces rubbing or sliding over one 
another then this embodiment is particularly suitable as it 
makes use of surfaces which have larger contact areas than 

25 for the prior art particles, which only have point 
contacts . 

Referring now to Figures 14 and 15, Figure 14 shows a 
further configuration of cubic elements 64, 66 which are 
arranged into discrete layers of discrete element sizes and 

30 Figure 15 shows section C-C through the friction damper 59. 
Although cubic elements 64, 66 are shown, other polyhedral 
shapes may be used which comprise substantially flat sides 
arranged to abut one another in frictional sliding 
association during operation of the damper .59. Another 

35 preferred shape of .element is a parallelepiped element as 
these elements may easily be configured to fit a regular 



chamber 69 shape. In the embodiment shown in Figure 14 it 
is an advantage for the damper 59 to comprise elements 64, 
66 of different sizes. In arranging the elements 64, 66 
into discrete layers/ for instance as shown in the figure, 
the elements 64, 66 are further prevented from migrating in 
convection-like manner as an element from one layer can not 
physically displace an element from a layer of different 
discrete element size. 

Figures 16 and 17 show a further embodiment of the 
present invention and in particular show the friction 
damper 71 comprising a chamber 73 substantially filled with 
tetrahedral shaped element 68. Again it is intended that 
the elements 68 occupy approximately 95% by volume of the 
chamber 73 although any volume fill over 90% is suitable 
for the present invention to operate in the desired manner 
disclosed herein. This embodiment of the present invention 
operates in a similar manner to the embodiment described 
hereinbefore with reference to Figures 13, 14 and 15. The 
interlocking configuration of the tetrahedral shaped 
elements 68 ensure that there is substantially no 
convection-like movement of elements 68 . Furthermore 
pyramid shaped elements may be alternatively used in 
similar configuration to the tetrahedral elements 68. 

Figure 18 is a section through a friction damper 80 
and t shows a further embodiment of the present invention 
comprising the friction damper 80 having a cylindrical body 
81 which defines a chamber 82. Disposed within the chamber 
is a plurality of substantially spherical elements 28 and a 
number of baffles 76, 78. The cylindrical body 80 

comprises a central axis 74, an annular wall 84 surrounding 
the central axis 74 and end walls 86, 88. The baffles 76, 
78, in this embodiment, are attached to the annular wall 84 
and extend radially inwardly. It is preferred that the 
principle direction of greatest amplitude of the vibrating 
body is parallel to the central axis 74, although this is 
not essential. The elements 28 interact with one another 
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to provide the damping characteristics of the prior art 
disclosed herein except that the provision of baffles 76, 
78 reduces the convection-like migration flow pattern of 
the prior art. Therefore the performance of the friction 
damper 80 is an improvement over the prior art in that once 
the minimum on the vibration reduction graph (Figure 4) is 
achieved it is maintained through any increase in 
excitation level as the present invention substantially 
reduces the convection-like movement of elements that would 
otherwise lead to a loss of vibration reduction ability. 
The exact configuration this embodiment of the present 
invention will be determined by the amount of damping 
required, the size of the elements, the exact percentage 
fill of elements 28 and the number and radial extent of the 
baffles 76, 78. Lower aspect ratio friction dampers 80 
would require fewer baffles 76, 78. 

Alternatively, the baffles may extend from either end 
wall 86, 88 in a generally parallel direction to the 
central axis 74. The baffles 76, 78 need not be straight 
and need not be in any particular alignment except in that 
the baffles 76, 78 should extend far enough into the 
chamber 82 to reduce the convection-like movement of 
elements 28. It is not an essential requirement of this 
embodiment of the present invention for the body 81 to be 
cylindrical as other shapes of friction damper are able to 
provide a damping effect in similar manner to the specific 
embodiment shown and described herein. 

Figure 19 is a section through a further embodiment 
of the present invention and shows a friction damper 90 
having a cylindrical body 91 which defines a chamber 92. 
Disposed within the chamber 92 is a plurality of 
substantially spherical elements 28 and a "wire wool" 
structure 94. The wire wool structure 94 comprises a 
tangled mass of relatively thin wires, which are 
intertwined to a sufficient density to reduce the 
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convection-like flow of the elements 28, when subject to a 
vibration source. 

Figure 20 is a cut away of another embodiment of the 
present invention and shows a friction damper 100 having a 
cylindrical body 102 which defines a chamber 104. Disposed 
within the chamber 104 is a plurality of substantially 
spherical elements 28 and a mesh 106. The mesh 106 is 
arranged to allow the elements 28 to pass through but is of 
sufficient density to prevent the substantial convection- 
like movement of the elements 28 within the chamber 104. 
In particular the mesh 106 prevents the rapid convection- 
like movement of the particles 28. 

The friction vibration damper of the present 
invention has been found to damp the vibrations of a 
vibrating component vibrating in the range 0-1 kHz, 
however, it is believed that frequencies up to 10 kHz will 
be damped by the friction damper. Similarly excitation 
levels up to lOOg have been successfully tested and it is 
apparent that higher excitation levels will be equally 
applicable to the friction damper. 

With reference to the present invention a method of 
damping the vibrations of a vibrating body in herein 
disclosed. The method comprises the steps of, locating the 
position of the greatest amplitude of vibration on the 
vibrating body and disposing a friction damper on the 
vibrating body at the position of the greatest amplitude of 
vibration. However, it should be noted that where access 
is limited the friction damper 51, 53, 55, 57, 59, 80, 90, 
102 may be disposed to any vibrating part of the vibrating 
component to provide vibration damping. Disposing the 
friction damper to the point of greatest amplitude merely 
provides the preferred location. 

Although - the present invention has been described 
with reference to the friction damper 20 having a chamber, 
two or more chambers may be provided each filled with a 
plurality of elements. 
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Although the present invention has been described 
with reference to the friction damper having a chamber 
filled with a plurality of elements of substantially the 
same size, the chamber may be filled with a plurality of 
5 elements, of more than one discrete size. Similarly each of 
the chambers may be filled either with a plurality of 
elements of the same discrete size, different discrete 
sizes in each chamber or a number of discrete sizes within 
each chamber. 

10 Although the present invention has been described 

with reference to a plurality of elements 28 with a 
diameter of 0,6 millimetres the plurality of elements 28 
may have a diameter in the range 0,1 to 5,0 millimetres and 
which are all suitable for use with the applications 

15 described herein. However, it should be understood from 
the teachings of the present invention that for other 
applications where smaller or larger vibrating bodies 
require damping that the size of the friction vibration 
damper should be selected accordingly and similarly that 

20 the size of the elements may be selected that are outside 
the range 0,1 to 5,0 millimetres. 

Although the present invention has been described 
with reference to a plurality of elements which are 
metallic the plurality of elements may be ceramic. 

25 Similarly, although the present invention has been 
described with reference to the friction vibration damper 
being manufactured from metal, in particular steel the 
friction vibration damper may be manufactured from ceramic 
material . 

30 Although the present invention has been described 

with reference to the chamber being partially filled with a 
plurality of elements each of the chambers may be filled to 
a different percentage by volume. 

Although the present invention has been described . 

35 with reference to a substantially cylindrically shaped 
friction damper, a polyhedral or particularly a 



parallelepiped shaped friction damper may be used to 
similar effect. 

Although the friction damper has been described with 
reference to attenuating vibrations of a vibrating body, 
5 the vibrating body may specifically be a non-rotating 
component of a gas turbine engine or components such as a 
workpiece or tool subject to vibrations derived from a 
machining process . 

The - workpiece may be any industrially manufactured 
10 item which undergoes some form of machining process, for 
example milling, cutting, turning, drilling, broaching, 
riveting or grinding that may result in the workpiece 
vibrating. The object of the present invention being to 
provide vibration damping to such an item during such a 
5 machining process. 

The description of the present invention relates to a 
friction damper being permanently disposed to a vibrating 
component. However, in certain circumstances it is 

desirable for the friction damper to be disposed to the 
workpiece by temporary attachment means (not shown) . The 
temporary attachment means may comprise any conventional 
attachment means as known in the art and be a form of a 
clip mechanism, a conventional strap, secured by Velcro™ or 
buckle, welding, soldering, a screw thread, a bayonet type 
fitting, an interference fit arrangement, a suction pad or 
by magnetic means. All types of fitting having the common 
general purpose of temporarily attaching the vibration 
particle damper to the vibrating structure. The friction 
damper may also be applied to the tool of the machine, or 
to the machine itself, to damp the vibrations thereof in a 
similar manner. 

Application of the friction vibration damper to a 
workpiece, tool or machine has the additional advantage of 
attenuating acoustic emissions derived during the machining 
process . 
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Whilst endeavouring in the foregoing specification to 
draw attention to those features of the invention believed 
to be of particular importance it should be understood that 
the Applicant claims . protection in respect of any 
5 patentable feature or combination of features hereinbefore 
referred to and/or shown in the drawings whether or not 
particular emphasis has been placed thereon. 
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Claims : - 

1. A fraction vibration damper for damping the vibrations 
of a vibrating component comprising a body having a 
chamber, the chamber partially filled with a plurality of 
5 elements, the friction vibration damper, in use, disposed 
on or in the vibrating component wherein the friction 
vibration damper is configured to substantially prevent the 
elements operationally moving in a convection-like flow 
pattern . 

10 2. A friction vibration damper for a vibrating component as 
claimed in claim 1 wherein the plurality of elements 
comprise substantially spherical elements. 

3. A friction vibration damper for a vibrating component as 
claimed in any one of claims 1-2 wherein the plurality of 

15 elements comprises substantially spherical elements of at 
least two discrete sizes. 

4 . A friction vibration damper for a vibrating component as 
claimed in any one of claims 2-3 wherein the elements are 
substantially spherical each with a diameter in the range 

20 0, 1 to 5,0 millimetres. 

5. A friction vibration damper for a vibrating component as 
claimed in any one of claims 1-4 wherein the plurality of 
elements comprise elements having a high aspect ratio. 

6. A friction vibration damper for a vibrating component as 
25 claimed in any one of claims 1-5 wherein the plurality of 

elements comprise elongate elements. 

7 . A friction vibration damper for a vibrating component as 
claimed in any one of claims 1-4 wherein the plurality of 
elements comprise elements having a low aspect ratio. 

30 8 . A friction vibration damper for a vibrating component as 
claimed in any one of claims 1-4 wherein the plurality of 
elements comprise disc shaped elements. 

9. A friction vibration damper for a vibrating component as 
claimed in any one of claims 1-8 wherein the body comprises 
35 a baffle, the baffle disposed within the chamber to 
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substantially prevent the elements operationally moving in 
a convection-like flow pattern. 

10. A friction vibration clamper for a vibrating component 
as claimed in claim 9 wherein the baffle extends across the 

5 chamber. 

11. A friction vibration damper for a vibrating component 
' as claimed in any one of claims 9-10 wherein the baffle 

comprises a mesh structure. 

12. A friction vibration damper for a vibrating component 
10 as claimed in any one of claims 9-10 wherein the baffle 

comprises a "wire wool" matrix. 

13. A friction vibration damper for a vibrating component 
as claimed in any one of claims 1-12 wherein the body 
comprises the chamber having a high aspect ratio. 

15 14. A friction vibration damper for a vibrating component 
as claimed in any one of claims 1-12 wherein the body 
comprises the chamber having a low aspect ratio. 

15. A friction vibration damper for a vibrating component 
as claimed in any one of claims 1-14 wherein the friction 

20 vibration damper is mounted on a pedestal, the pedestal 
attached to the vibrating component. 

16. A friction vibration damper for a vibrating component 
as claimed in any one of claims 1-15 wherein the body has 
two or more of the chambers . 

25 17. A friction vibration damper for a vibrating component 
as claimed in claim 16 wherein each of the chambers is 
partially filled with a plurality of elements of 
substantially the same size, each plurality of elements in 
each chamber being of a different discrete size. 

30 18. A friction vibration damper for a vibrating component 
as claimed in any one of claims 1-17 wherein the elements 
are metallic. 

19. A friction vibration damper for a vibrating component 
as claimed in any one of claims 1-17 wherein the elements 
35 are ceramic. 
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20. A friction vibration damper for a vibrating component 
as claimed in any one of claims 1-11 wherein the chamber is 
filled with elements to between 90 and 100 per cent by 
volume . 

5 21. A friction vibration damper for a vibrating component 
as claimed in any one of claims 1-11 wherein the chamber is 
filled with elements to 95 per cent by volume. 

22. A friction vibration damper for a vibrating component 
as claimed in any one of claims 1-11 wherein each of the 

10 chambers is filled with elements to 95 per cent by volume. 

23. A friction vibration damper for a vibrating component 
as claimed in any one of claims 1-11 wherein each of the 

- chambers is filled with elements to a different percentage 
by volume of each chamber. 
15 24. A friction vibration damper for a vibrating component 
as claimed in any one of claims 1-23 wherein the body of 
the friction vibration damper is substantially cylindrical. 
.25. A friction vibration damper for a vibrating component 
as claimed in any one of claims 1-23 wherein the body of 
20 the friction vibration damper is substantially 
parallelepiped . 

26. A friction vibration damper for a vibrating component 
as claimed in any one of claims 1-25 wherein the engine 
component of a gas turbine engine. 
25 27. A friction vibration damper for a vibrating component 
as claimed in any one of claims 1-26 wherein the vibrating 
component is a workpiece. 

28. A friction vibration damper for a vibrating component 
as claimed in claim 27 wherein the workpiece is subject to 

30 a machining operation. 

29. A friction vibration damper for a vibrating component 
as claimed in claim 27 wherein the vibrating component is a 
machine tool . 

30. A friction vibration damper for a vibrating component 
35 as claimed in any one of claims 1-26 wherein the vibrating 

component is a machine. 
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31. A friction vibration damper for a vibrating component 
as claimed in any one of claims 1-30 wherein the friction 
vibration damper is disposed to the vibrating component by 
temporary means . 
5 32. A friction vibration damper for a vibrating component 
as claimed in any one of claims 1-2 9 wherein the component 
vibrates in the frequency range up to 10 Hertz. 

33. A method of damping the vibrations of a vibrating 
component comprising the steps of, locating the position of 

10 the greatest amplitude of vibration on an engine component 
and disposing a vibration damping device on the component 
at the position of the greatest amplitude of vibration. 

34. A friction vibration damper for a vibrating component 
substantially as described in this specification and with 

15 reference to and as shown in figures 1-20 of the 
accompanying drawings . 
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ABSTRACT 

FRICTION VIBRATION DAMPER 

5 A friction vibration damper 55 for damping the vibrations 
of a vibrating component comprising a body having a chamber 
65, the chamber 65 partially filled with a plurality of 
elements 60, the friction vibration damper 55, in use, 
disposed on or in the vibrating component wherein the 
10 friction vibration damper 55 is configured to substantially 
prevent the elements operationally moving in a convection- 
like flow pattern. 



(Figure 9) 
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